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Objectives 

• Learn embryology and development of the 
skeleton 

• Gain the ability to identify normal and 
abnormal extremities in the first trimester 

• Value of ultrasound in determining the 
possible etiologies of structural anomalies 

• Review case studies from our Institution 


Question 

• How many of us work at an Institute where 
evaluating extremities during the first trimester is 
protocol? 

— Yes 

- No 

- Sometimes 

- Not sure 
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Question 

• Do you think looking at extremities in the first 
trimester is important? 

-Yes 

-No 

- Not sure 


Background 

Our institution 

• Found it beneficial to look at extremities while 
performing the Nuchal Translucency (NT) 
screening 

• We average 125 ultrasounds in our network 
daily, approximate range of 12-15%(15-18) are 
first trimester screen exams 
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Background 

Our institution 

• Between 2009-2014 52 cases were detected 
by infant records (excluding chromosome 
abnormalities or syndromes) 

• 36 out of 52 cases were prenatal diagnosed 
(detection rate 69%) 

• 43 cases revealed normal chromosomes 

• 9 cases chromosomes were not tested 


Background 

Our institution 

• 36 cases were prenatally diagnosed 

- Isolated club feet (27 cases) 

- Limb reduction defects (4 cases) 

- Polydactyly (4 cases) 

-Shortened and angulated bilateral lower 
extremities (1 case) 

• 16 cases not prenatally diagnosed 

- Polydactyly (14 cases) 

- Syndactyly (1 case) 

- Amniotic band of the lower leg (1 case) 
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AIUM 

Protocol for the first trimester 

• Not recommended to evaluate nor document 
extremities in the first trimester 
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Question 

Is it important for sonographers to understand 
embryology of the fetus in order to diagnose 
extremity malformations? 

-Yes 

-No 

- Not sure 


Fetal Skeletal Embryology 

Skeletal tissue are composed of 
S Bone 
S Cartilage 

Tissues derived from 

v'Osteoblasts - building bone 
v'Osteoclasts - breaking down the cells 
v'Chondrocytes - developing cartilage 
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Fetal Skeletal Embryology 

• Skeletogenesis 

- Creation of the shape, size and number of bones 

- Arrangement formation of the bones 

- Bone and cartilage are formed when cell 
differentiation occurs 

- Growth of the diaphyses and epiphysis are 
remodeled to form the skeleton 

• Diaphyses 

• Epiphysis 



Fetal Skeletal Embryology 

• 4 th week - Limb bud formation 

• 5 th week - Bone formation 

• Development of limbs occur in a proximal to 
distal formation 

• Proximodistal sequence 

— Humerus & femur 

- Radius & ulna 
-Tibia & fibula 

- Metacarpals, metatarsals & phalanges 
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Fetal Skeletal Embryology 

Endochondrial ossification 

• 6 th week- Cartilaginous models of future 
bones 

• 7 th -12 th weeks'- Primary ossification centers 

- Trabecular bone + marrow formed 

• Secondary ossification centers appear later in 
gestation- Ends of bones 


Fetal Skeletal Embryology 

Only diaphyses are measured by ultrasound 

when imaging long bones (Epiphyses not 

clearly visualized) 

• 32 weeks- Distal femur ossification center 
is developed 

• 34 weeks- Proximal tibial epiphyseal 
center is developed 

• 37 weeks- Proximal humeral epiphyseal 
ossification center id developed 

•f When all 3 are visualized, the fetus is at 
least 37 weeks gestation 
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Fetal Skeletal Embryology 
abnormalities 

• Disruption with any of the above cell patterns 
would result in abnormal development 

- Growth of cartilage and bone tissues 

• Heterogeneous group of disorders affecting the 
development of chondro-osseous tissues 

- Abnormal size and shape of the skeleton 


Sonographer evaluation of 
extremities in the first trimester 

• For one to be comfortable diagnosing 
abnormal, one must be comfortable 
diagnosing normal 

• At our unit the Sonographers identify and 
document 

- Bilateral extremities 

- Proximal and distal extremities 

- Posture and over all fetal movement 
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Sonographer evaluation of 
extremities in the first trimester 


• Average additional time required for this 
detailed protocol is less than 1 minute for first 
trimester and about 5 minutes for second 


trimester 



Sonographer evaluation of 
extremities in the first trimester 

• Optimizing your images 

- Label lateralities 

- Zoom in on areas that would maximize image 
information 

• Digits 

• Correct posturing of limbs 

• Appropriate limb flexion 

- Split screen 

• While scanning, evaluate fetal movements 
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Normal appearing lower extremities 
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Sonographer evaluation of 
extremities in the first trimester 

• Pearls to identify limb abnormalities 

- Contractures (abnormal movement and flexion of the 
joints) 

- Hyper extended joints 

- Aplasia extremities 

- Hypoplastic extremities 

- Polydactyly 

• Not expected to identify in the first trimester 

- Club foot 

• depending on the etiology will most likely determine if it can 
be diagnosed in first trimester 
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Value of Ultrasound 

Early Detection 

S Identifying limb abnormalities earlier in the 
pregnancy along with potential chromosome 
abnormalities 

S Quick & safest modality for the fetus per 
AIUM 

S Earlier intervention & pregnancy management 
including other modalities to confirm 
ultrasound findings 


Value of Ultrasound 

Early Detection con't 


First trimester 

S All pregnancy options safe and 
available 

■S Genetic evaluation with non- 
invasive prenatal testing and 
chorionic villous sampling 

S Continuation of pregnancy 
with additional ultrasound 
examinations 

S Early anatomical survey at 
15-16 weeks with review of 
pregnancy options 


Beyond the first trimester 

S Typically no indication for 
ultrasound evaluation between 
first trimester genetic ultrasound 
and anatomical survey at 20 
weeks' gestation 

■S Mid-trimester diagnosis limits 
patients options and safety for 
pregnancy management 

■S Discontinuation of pregnancy at 
this point increases maternal 
risks of bleeding and may 
compromise future reproductive 
health (cervical shortening/ 
preterm birth) 
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Value of Ultrasound 

Early Detection con't 

• Allows parents time to allocate resources 

• Consultation with orthopedic surgeons, 
neurologists, plastic surgeons, neonatologists, etc. 

• Communication with other families with similar 
anomalies 


Intervention & 

Pregnancy management 

• Earlier detection empowers patients in the future 
management of the pregnancy 

- Chorionic Villus Sampling / Invasive Procedure 

• FISH 48 hours / Full Chromosomes 5-7 business days 

• 99.9% accurate 

• 0.01% pregnancy loss / miscarriage 

• Risk of confined placental mosaicism (1-2%) 

- Non-invasive Prenatal Testing 

• 10-14 business days 

• 95-99% accurate 

• 0% Risk to the pregnancy 
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Additional diagnostic studies 

• Fetal MRI 

- Confirms true positive ultrasound findings 

- Negates false positive ultrasound findings 

- Provides additional information in complex cases 
(soft tissue anomalies) 

- May clarify severity of anomaly 


AIUM 

Fetal Safety 

• Diagnostic ultrasound studies of the fetus are 
generally considered safe during pregnancy 

• Diagnostic procedure should be performed only 
when there is a valid medical indication, and the 
lowest possible ultrasonic exposure setting should 
be used to gain the necessary diagnostic 
information under the ALARA (as low as 
reasonably achievable) principle 


www.aium.org/resources/guidelines/obstetric.pdf 
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AIUM 

Fetal Safety, ALARA 

• Potential benefits and risks of each examination 
should be considered 

• In keeping with the ALARA principle, M-mode 
imaging should be used instead of spectral 
Doppler imaging to document embryonic/fetal 
heart rate 

• The ALARA principle should be observed when 
adjusting controls that affect the acoustic output 
and by considering transducer dwell times 


iium.org/resources/guidelines/obstetric.pdf 


AIUM 

Fetal Safety, Thermal Index 

• A thermal index for soft tissue (Tis) should be 
used at earlier than 10 weeks' gestation, and a 
thermal index for bone (Tib) should be used at 
10 weeks' gestation or later when bone 
ossification is evident 


www.aium.org/resources/guidelines/obstetric.pdf 
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AIUM 

Fetal Safety, not regulated 

• Promotion, selling, or leasing of ultrasound 
equipment for making "keepsake fetal videos" is 
considered by the US Food and Drug 
Administration to be an unapproved use of a 
medical device 

• Use of a diagnostic ultrasound system for these 
purposes, without a physician's order, may be in 
violation of state laws or regulations 


www.aium.org/resources/guidelines/obstetric.pdf 


Case series from our Institute 

Cases from our institution diagnosed from 

11 4/7 to 13 0/7 weeks 
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Case 1 

12w4d 

• 29 year old G3P2002 at 12 4/7 weeks, BMI 23 

• Past obstetrical history: Two full term NSVD 

• NT exam revealed: 

S Acrania 

•S Bilateral upper hand malformations 
S Suspected left lower extremity 
malformation 
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Case 1 Results 

• Patient was offered genetic counseling and CVS 
following this ultrasound 

• Patient opted for CVS which was done the same day 

• CVS resulted in Trisomy 18 

• Patient opted to continue the pregnancy 

• 20w0d anatomy ultrasound confirmed ultrasound 
findings from the prior exam 

• Additional findings include cardiac defects, renal 
anomalies, 2 vessel cord and hydrops 

• 21w6d patient chose to discontinue the pregnancy 


Case 



Case 2 

12w0d 

• 30 year old G3P2002 at 12 0/7 weeks, BMI 30 

• Past obstetrical history: Two full term NSVD 

• NT exam revealed: 


v' 1.4mm NT w/ nasal bone 

v' agenesis of the left arm 

S right arm distal deformity (wrist flexion) 
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Case 2 


Right arm 



Case 2 
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Case 2 Results 

• Patient was offered genetic counseling and CVS 
following this ultrasound in which she opted for CVS 

• CVS results concluded normal chromosomes 

• Patient delivered full term vaginally 


Case 2 


Case 3 

12w5d 

• 22 year old G2P0010 at 12 5/7 weeks 

• Past obstetrical history: 1 st trimester 
spontaneous abortion 

• NT exam revealed: 

S 1.4mm NT w/ hypoplastic nasal bone 
S agenesis of the right hand with 
shortened radius/ulna 
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Right arm 



Case3 
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Case 4 

13w0d 

• 29 year old G1P0 at 13 0/7 weeks, BMI 22 

• IVF dichorionic-diamniotic twin pregnancy 

• NT exam revealed: 

S TWIN A: 1.6mm NT, nasal bone present, no abnormalities 
S TWIN B: 2.6mm NT (thickened), nasal bone present, 
abdominal wall defect, upper & lower extremity 
malformations 

■S Upper: abnormal left hand posturing & agenesis right 
hand with shortened radius/ulna 
S Lower: bilateral abnormal posturing which were 
hyperextended and non mobile 


Dichorionic-diamniotic pregnancy 
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TWIN B 

Abnormal limbs 
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TWIN B 

Abnormal limbs 


Lower limbs 
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Case 4 Results 

• Patient was offered genetic counseling and CVS 
following this ultrasound 

• Patient opted for CVS and returned to our Institute 2 
days later (13w2d) 

• CVS performed for TWIN A 

• spontaneous demise of TWIN B 

• CVS results concluded normal chromosomes for 
TWIN A 

• TWIN A had a normal fetal anatomical survey and 
third trimester fetal monitoring consequently 
delivered full term 


Case 5 

llw4d 

• 32 year old G2P0010 at 11 4/7 weeks, BMI 25 

• Past obstetrical history: 1 st trimester 
spontaneous abortion 

• NT exam revealed: 

S 4.1mm NT (thickened), nasal bone present & 
omphalocele 

S Bilateral mal-rotation of the hands & polydactyly 
S Flattened profile 
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Case 5 Results 

• Patient was offered genetic counseling and 
CVS following the ultrasound in which opted 
for CVS 

• CVS results concluded Trisomy 18 

• Patient opted to discontinue the pregnancy 


Case 5 
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Case 6 

13w5d 

• 21 year old G1P0 at 13w5d, BMI 30 

S 1.5mm NT with nasal bone 
S Suspicious bilateral lower extremity movements 

• Recommendations: 

- 15-16 week early anatomy 
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Defects diagnosed at 20 weeks 

• Mild to moderate scoliosis of spine, with possible 

kyphosis 

• Unequal number of ribs (R>L) 

• Severely malformed lower legs bilaterally 

• Bilateral tibia and fibula are measuring approximately 3-6 
weeks behind 

• Right tibia appears straight, with fibula angled laterally, 
with the foot (4 toes) articulating to the distal tibia 

• Left tibia angulated but not fractured, straight fibula, with 
left foot severely clubbed and angulated up toward the 
tibia 
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Case 6 Results 

• Patient had genetic counseling and opted for 
amniocentesis 

• Amniocentesis revealed normal karyotype 

• Patient opted to discontinued pregnancy and 
was induced at 21w5d 
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Conclusion 

• Evaluation of the extremities in the first trimester 
should be considered since average additional 
time considered is less than 1 minute 

• If pregnancy desired, optimize pregnancy 
outcome by organizing ultrasound surveillance 
and a controlled delivery plan 

• Preserve future reproductive health (D&C verses 
D&E) 


Questions 

• How many of you will look the next time you 
scan a fetus between 11-13 GA? 

-Yes 

-No 

- Not sure 
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Goal 


Incorporate evaluation of extremities in 
the first trimester sonogram to optimize 
patient care 


Thank you 

• Perinatal Sonographers and Attendings 

• Maria Andrikopoulou MD 

• Nadia Kunzier DO 

• Wendy Kinzler MD 

• Martin Chavez MD 

• Anthony Vintzileos MD 
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